INTRODUCTION
When a metallic implant comes into contact with tissue, the first reaction at the materialtissue interface is the adsorption of proteins from the biofluid1). It is widely accepted that these adsorbed proteins influence the subsequent development of the biological response. A major consideration in designing implants is the producion of surfaces that promote desirable responses in the cells and tissues that contact with the implant.
Precoating the metal surface with specific proteins seems to offer a promising method for producing biocompatible implants which combine sufficient bulk mechanical properties with surface biological activity.
Simple preadsorption of proteins, however, is insufficient to produce a biologically active metallic implant because of the dynamic exchange between the preadsorbed proteins with those circulating in vivo. Williams et al.2) examined the adsorption and desorption behavior of albumin and fibrinogen on 17 different metal surfaces using 125I-labeled proteins, and found that in vivo substantial desorption of the preadsorbed proteins occured within 106 hours for most metals.
The immobilization of biological macromolecules or bioinert hydrophilic polymer chains has been extensively studied to prevent the physical removal of the molecules from the surface, especially in relation to blood compatibility3,4) and tissue integration5,6).
In contrast, these chemical surface modifications have not been applied to metallic implants, presumably due to their relatively unreactive surfaces. MODIFICATION The major Ni 2p3/2 peaks at 852.8eV in Fig. 1 (b) were assigned to metallic nickel in the alloy substrate under the oxide film. These spectra were asymmetric with two small peaks on the higher binding energy side at 856.0eV and 859.0eV.
The peak at 856.0eV could be assigned to the Ni2+ state in the oxide film. This chemical state was expected to be similar to Ni (OH)2 from reported binding energy value17). The small intensity of the peak at 856.0 eV, however, suggested that the oxide film on the NiTi substrate mainly consisted of TiO2. almost identical to an oxide film formed on pure titanium.
The other small peak at 859.0eV was the shake-up satellite associated with the major peak at 852.8eV.
There was no difference in the peak positions of Ni 2p3/2 spectra obtained from the three surfaces.
The O 1s spectrum for the polished substrate ( Fig. 1 (c) , PL) exhibited a shoulder on the higher binding energy side of the major peak. The major peak at 530.2eV with 1.6eV full width at half maximum (FWHM) corresponded to the bulk oxygen of TiO214). This shoulder could be attributed to the surface hydroxyl groups and the adsorbed water molecules on the oxide film14). A striking feature of the O 1s spectrum for the silanized substrate was the presence of a peak at 532.6eV with 2.2eV FWHM (Fig. 1 (c) , SL), which could be attributed amine are schematically illustrated in Fig. 5 (I-III) . It was not possible, however. to distinguish between these three possibilities by XPS analysis alone. Approximately 75% of the amino groups introduced on the NiTi substrate were free amines (IV in Fig. 5) 
